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1. INTRODUCTION 

The environmental conditions at this time are very important for monitoring every activity in some 
important activities. At this time, environmental conditions often occur erratic changes so conventional 
predictions do not go well and effectively. Recently, there have been several technologies that can monitor and 
predict environmental conditions such as the internet of things (IoT) [1]. IoT is produced a lot from applications 
such as to conduct human health monitoring in real time which is better known as e-Health [2], military [3], 
smart city [4], [5], agriculture [6], [7], and so on [8]. The various applications of IoT technology are used to 
make predictions using various methods such as fuzzy logic [9]-[11], support vector machine (SVM) [12], 
decision tree [13], and so on. 

IoT technology provides a solution for monitoring environmental conditions in accordance with the 
conditions and locations taken as observation objects. Some studies measure the conditions of temperature, 
humidity, light intensity, CO, and CO2. All these sensors will be connected to the Arduino microcontroller as 
a sensor node, then the data will be sent and stored gateway using the Raspberry Pi [14]. So that users can 
monitor environmental conditions in real time. Many methods are used in monitoring environmental 
conditions, in [15], a website for monitoring air pollution in real time that is information to the public both in 
graphical form and in the form of data. Hudhajanto et al. [16], studied Twitter was used to disseminate 
information about agriculture such as soil moisture to followers and also Facebook is a social media that is 
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used to convey information to users about environmental conditions such as temperature, humidity, CO, and 
CO2. Souza et al. [17], it provides information about the height of the volume of water to monitor flooding. 
Short message service (SMS) is used to deliver an early warning about flooding to the user continuously. 

Nowadays, many studies make predictions with different methods to test the accuracy of 
classification. Karakostas [18], applied a system for the prediction quality of data transmission for flight delay 
using the Naive Bayes algorithm. Furthermore, in this research, this paper shows system monitoring by real- 
time for fungal detection in crop fields. The support vector machine (SVM) method to process and prediction 
such as temperature, relative air humidity, and wind speeds [19]. 

In this paper, we propose a system to implement IoT technology for environmental monitoring by 
continuously. We use temperature, humidity, carbon monoxide (CO) and carbon dioxide (CO2) sensors. The 
data sensors will be sent to the gateway using communication ZigBee 802.15.4. All the sensors data will be 
saved to the database provider and will be sent to the cloud by real time. So, users can directly access the 
environment condition by web-based application or smartphone. Furthermore, the result the data collection we 
will compare several methods to prediction environmental based on previous research using Naive Bayes [18], 
support vector machine (SVM) [19], neural network (NN) and the last k-nearest neighbor (k-NN) 


2. RESEARCH METHOD 
2.1. Architecture system 

In monitoring environmental conditions consists of several nodes to take measurements around it. 
Sensor nodes can measure environmental conditions such as temperature, humidity, CO and CO2. All sensors 
will be merged into one module to the Arduino microcontroller [20]. To communicate between sensor nodes 
and local servers using Xbee 802.15.4 [21]. In local servers, the Raspberry Pi 3 [22] used to develop because 
it is low-cost and easy to use and open source [23], [24]. Users can access information data environmental 
conditions by real-time through Websites and/or smartphone. And also, we provide to analyze accuracy using 
some algorithm such as Naive Bayes [8], support vector machine (SVM), neural network (NN) and the last k- 
nearest neighbor (k-NN). Figure 1 shows the architecture system for environmental monitoring using IoT. 
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Figure 1. Architecture of the system for environmental monitoring using IoT 


2.2. Sensor node configuration 

Figure 2 shows the hardware configuration used in this project. In this experiment, we use some 
sensors to put at microcontrollers such as temperature, humidity, CO and CO2 sensors. For communication, 
we use Xbee 802.15.4 because we know it is low-cost, low-power and easy to use. 


2.3. Sensor node configuration 

In this gateway, a mini personal computer (PC) provided by Raspberry. The type used is Raspberry 
pi 3. Figure 3. Shows the gateway use configuration as a local server. To communicate between the sensor 
node and the gateway, Xbee 802.15.4 is used, plugging Xbee 802.15.4 by using a dongle via the raspberry 
USB port. The operating system used is Raspbian which can be downloaded provided by the Raspberry site 
for free. In this project, using a memory card with capacity 32GB as data storage. Furthermore, we also install 
some supporting application, such as python, java, web server, open port java and so on. 


2.4. Cloud 


To accommodate sensor data that has been received from Java-based applications, a system is 
designed using the my structured query language (MySQL) database. The application is built using the personal 
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home page (PHP) programming language and uses structured query language (SQL) syntax to access data on 
the database. This application aims to bridge system. applications on gateway devices in storing data to external 
storage media (cloud storage) as well as serving data access in JavaScript object notation (JSON) format on 
web-based and/or Android-based applications [25]. Figure 4 shows the system in the cloud. 
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Figure 2. Hardware use to environmental monitoring conditions 
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Figure 3. Gateway used Raspberry 


2.5. Real-time classification 

Real-time classification uses analyzes using some method based previous research [18], [19]. In this 
study, we use algorithm k-nearest neighbor (k-NN) used classification towards objects based on learning data 
the distance closest to the object. Based previous work [18], [19], we use 4 classification algorithm to compare 
for the discuss this project. Classification used is Naive Bayes, SVM, neural network and k-NN methods. In 
the experiment, in this experiment, the test sample will be taken live sensor by taking the nearest neighbor 
class. Near or far neighbors are usually calculated based on Euclidean distance, 


D(a,b) = |Zk=1(ax — by)? (1) 


where, D(a, b)is a scalar distance of two data vectors a and b in the form of dimension D dimensions. 


Let R = (Xp Yi) s , (Xn, Yn) a sequence of the training example. For every x E X, let 7, (x), ...... BEATA 
be an arrangement of (1, ... ..... Nn) base to the distance to p(x, x;). For alli < n, 
p(x, Xni) = Rea) (2) 
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Figure 4. System in the cloud 


3. RESULTS AND ANALYSIS 

In this section, we explain the result of our implementation and show the analysis we provided. In this 
project, we show the topology in Figure 5 with software and hardware we used in this experiment. In this 
experiment, Table 1 we show software and hardware use. Our experiment of environmental monitoring using 
IoT technology which can be monitoring environment condition by real-time. We manage to send data from 
the sensor node to the gateway every 10 seconds through Xbee 802.15.4 communication. 

We manage to send data from the sensor node to the gateway every 10 seconds through Xbee 802.15.4 
communication. All data will be processed at the gateway (Raspberry Pi) through a java program that has been 
developed. In this process, the data will be parsed first, after which it is saved to the MySQL database. 
Furthermore, it will also be done simultaneously to send sensor data to the cloud via the internet network. The 
aim is so that users can access environmental conditions in real time wherever they are, environment conditions 
through websites and/or mobile phones. Figure 6 shows the website we provide for environmental monitoring. 
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Figure 5. Proposed topology our experiment 


TELKOMNIKA Telecommun Comput El Control, Vol. 19, No. 6, December 2021: 1811 - 1819 


TELKOMNIKA Telecommun Comput El Control O 1815 


Table 1. Software and hardware use in implementation 


Sensor Node Gateway 
Microcontroller, xbee 802.15.4, Temperature MCP9700A, SoC: Broadcom BCM2837, CPU: 1.2 GHZ quad-core ARM Cortex 
Humidity 808H5V5, Carbon Dioxide (CO) Sensor A53, GPU: Broadcom VideoCore IV @ 400 MHz, Memory: 1 GB 
TGS2442, Carbon Monoxide (CO2) TGS4161 sensors, LPDDR2-900 SDRAM, Network: 10/100 MBPS Ethernet, 802.1 1n 
battery 3.7 Volt, Xbee shied Wireless LAN, Bluetooth 4.0, Memory 32GB, OS Raspbian, Web 


Server, Phyton, Xampp, Java 
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Figure 6. Information environmental condition through web-based application 


Figures 7-10 are example data sensor which used to measurement environmental condition such as 
temperature, humidity, CO and CO2. All data we collect indoor room start 08.00 AM until 20.00 PM. in this 
experiment, we measurement all the data sensors in 3 condition is morning, afternoon and evening. Figure 7 show 
the measurement condition temperature data sensors with 3 condition is morning, afternoon and evening. 
Figure 9 shows the data sensor humidity. The sensor will be measurement every 10 second with 3 condition is 
morning, afternoon and evening. Figure 9 and Figure 10 shows the data sensor CO and CO2. The data CO and 
CO2 data have the same concentration with ppm concentration. 
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Figure 7. Temperature data sensor from the measurement 
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Figure 8. Data sensor humidity sensors 
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Figure 9. Carbon monoxide (CO) concentration 


Furthermore, our experiment was managed by testing the performance of Naïve Bayes, support vector 
machine (SVM), neural network and k-nearest neighbor (k-NN), using default parameters used for monitoring 
the environmental condition. we test the data from measurement of the condition environmental by real-time. 
In the four datasets, we test the accuracy rate, mean squared error (MSE), and shows the total data instances. 
The performance every algorithm shows the accuracy with Naïve Bayes MSE 0.1199 and accuracy 97.3579%, 
SVM with MSE 0.2885 and accuracy 95.8687%, neural network (NN) with MSE 0.0629 with accuracy 
98.5749%, and the last algorithm k-NN with MSE 0.0078 with accuracy 99.0657%. The result from the 
compare some algorithm, the k-NN is better from the other algorithm with accurate up 90%. Table 2 shows 
some sensor we use, MSE and accuracy. 

Figure 11 shown the data comparison some method to calculate accuracy each algorithm. And also, 
Figure 12 shown the MSE each algorithm. Based Figure 11 we can see the MSE each algorithm to 
environmental condition by real-time. Based on the classification we use, the algorithm k-NN better than the 
naive Bayes, SVM and neural network methods, with an error rate 0.0078, while Naive Bayes 0.1199, SVM 
0.2885 and finally is neural network 0.0629. 
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Table 2. Comparison f some algorithm 
Features Algorithms Accuracy (%) MSE Total Data Instances 
Temperature, Humdity, CO and CO2 Naïve Bayes [18] 97.3579 0.1199 6245 
Support vector machine (SVM) [19] 95.8687 0.2885 6245 
Neural network (NN) 98.5749 0.0629 6245 
k-nearest neighbor (k-NN) 99.0657 0.0078 6245 
100 
99 
98 
97 
96 
95 
94 | 
93 
92 | 
91 | 
a Naive Bayes SVM Neural Network k-NN 
Figure 11. Comparison Naive Bayes, SVM, NN and k-NN 
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Figure 12. Mean squared error (MSE) each algorithm 
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4. CONCLUSION 

This paper, we propose a system for monitoring environmental condition using IoT technology. We 
show the information about temperature, humidity, CO and CO2 by real time. User can access that information 
using web-based and/or mobile applications. Furthermore, the classification we confirm the evaluation of 
analyst data that the k-NN method is better than other methods with an accuracy rate of 99.0657% and MSE 
around 0.0078. 
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